Background. Previous studies evaluating stiff epidural catheters found that the three-holed design provided superior labour analgesia compared with an end-holed design. This was believed due to improved medication distribution. Recently, flexible epidural catheters with both designs have been shown to be superior to the stiff epidural catheters. We investigated the success of labour analgesia comparing the flexible three-holed with the flexible end-holed epidural catheter.
The design of the epidural catheter is believed to have a significant contribution towards the success of labour analgesia. Two epidural catheter designs are currently marketed for use in labouring parturients: the open-ended catheter with a single hole and the closed-ended catheter with multiple side holes. Theoretically, a catheter that allows for an even spread of medication in the epidural space should provide more effective analgesia than the one which deposits medication unevenly. In the majority of studies, the multiple-holed catheter provided superior pain relief when compared with the end-holed catheter. 1 -6 The most recent technological advance in epidural design is the creation of a more flexible catheter. The placement of a coiled wire within the polyurethane or nylon lends greater flexibility when compared with the standard nylon catheter. This increased flexibility has been shown to result in fewer intravascular and intrathecal catheter placements, and significantly fewer paresthesias during insertion of the catheter. 7 8 However, the effect of catheter flexibility on the distribution of medication in the epidural space remains unstudied; specifically, whether the distribution of medication remains influenced by the number of ports. One possibility is that the flexibility of the catheter allows the tip to remain in the epidural space, producing even distribution. However, it may be that despite the † Presented in part at the 38th Annual SOAP Meeting, April 28, 2006, Hollywood, FL, USA. flexibility, the single-holed catheter would deposit medication in only one location, whereas the advantage of the three-holed catheter might remain during bolus injection. We investigated whether the number of holes in the catheter affected the success of labour analgesia when using a flexible epidural catheter.
Methods
We received institutional board review approval for this prospective, single-blinded, randomized study. Between January 2003 until March 2005, 500 ASA I-II parturients in active labour were enrolled with written informed consent at a single, tertiary care maternity centre. Inclusion criteria consisted of a vertex singleton at term gestation. Both nulliparous and multiparous women were included. Exclusion criteria consisted of previous Caesarean delivery, use of chronic analgesic medications or analgesic medications before epidural catheter placement, multiple gestations, and fetal abnormalities. Patients were randomized via a computer-generated list, with group assignment sealed until assignment. The study was originally designed to be doubleblinded; however, despite effort, complete blinding of the observer was not achieved. Thus, we converted to a singleblinded method, with the patient being the blinded party.
Participating subjects were assigned to receive one of the two wire-reinforced, 19 G epidural catheters: the single-holed catheter (Flex-Tip Plus, Arrow International, Reading, PA, USA) or the three-holed catheter (Spirol, Portex, Keene, NH, USA).
All study catheters were placed by supervised, experienced residents (.100 placements) or by a staff anaesthesiologist. The epidural space was located using loss-of-resistance to saline with a 17 G Tuohy needle at either the L2-3 or the L3 -4 interspace with the patient in the sitting position. Catheters were to be threaded 5 cm into the epidural space. Catheter placements complicated by an intravascular or intrathecal placement, paresthesias, or difficulty threading were recorded. Difficulty in threading was identified by the operator placing the catheter as an inability to advance the catheter through the needle with the usual amount of force, requiring additional manoeuvres such as injecting additional saline or re-positioning the needle. All catheters were examined for either blood or cerebrospinal fluid by examination and aspiration. If blood or cerebrospinal fluid entered the catheter during initial insertion, the catheter was considered positive, and removed from further analysis. After negative aspirate, a test dose of lidocaine 1.5% (3 ml) containing 1:200 000 epinephrine was administered. Subjective symptoms of neurotoxicity, or an increase in maternal heart rate of more than 15 beats min
21
, or evidence of an intrathecal injection ( peripheral sensory and motor block) were considered 'positive'. The presence of fluid in the catheter (free-flowing or aspiration) or a positive test dose defined intravascular or intrathecal placement, and the subject was removed from further analysis.
Epidural labour analgesia was initiated with a 15 ml bolus of bupivacaine 0.04% and fentanyl 1.67 mg ml 21 solution given via a syringe pump at a rate of 300 ml h
. Analgesia was maintained with a continuous infusion at 15 ml h 21 of the same solution. The success of labour analgesia was assessed 30 min after the initial bolus by an independent observer who did not witness the placement, and consisted of verbal pain report and a sensory level to both cold and pinprick. Pain was reported as either complete relief or residual pain. Complete analgesia was defined as essentially total relief of pain during uterine contractions. Inadequate pain relief was defined as residual pain, or maternal request for additional medications. Inadequate pain relief was further categorized by one of the following based on sensory examination.
(i) Unilateral block (sensory level only on one side of the body); (ii) asymmetric block (sensory level bilaterally, but more than two dermatomal segment difference in height); or (iii) breakthrough pain in a covered sensory dermatome.
If the patient continued to have pain after the initial bolus, bupivacaine 0.125% (8 ml) with fentanyl 100 mg was administered. If pain was not relieved after 15 min, the epidural catheter was withdrawn 1 cm and an additional bupivacaine 0.125% (8 ml) was administered. If this did not adequately relieve pain, the catheter was replaced and the subject was removed from further analysis.
During the labour, the number of episodes of breakthrough pain and the need for catheter replacement were recorded. Other observed outcomes included the use of oxytocin for labour augmentation, the mode of delivery (normal spontaneous vaginal delivery, instrument delivery, or Caesarean delivery), and the success of epidural anaesthesia for any subject who required a Caesarean delivery.
The primary outcome was complete analgesia assessed at 30 min. A priori power analysis was performed using two-sided analysis with a significance of 0.05 and a power of 0.8. On the basis of historical papers and the results of a small pilot study, we assumed a catheter failure rate (inadequate analgesia secondary to catheter design) of 32% in the end-hole and 20% in the three-hole groups. 3 This resulted in the need for 225 patients per group; we planned to enrol 250 patients per group to account for dropout. Dichotomous data were analysed by Pearson's x 2 test. The Shapiro -Wilk test was used to test for a normal distribution. Continuous and discrete variables were analysed by the t-test when normally distributed, and by the Mann -Whitney U-test when not. P,0.05 was considered significant. Secondary outcomes included the incidence of complications, the number of supplemental boluses for breakthrough pain, the need for catheter replacement, and maternal satisfaction.
Flexible epidural catheters

Results
Of the 500 parturients who were enrolled in the study, two in the open-ended group and five in the three-holed group were eliminated due to protocol violations, leaving a total of 493 ( Fig. 1 ). In the three-holed group, one subject had an obvious initial dural puncture with the Tuohy needle and was removed from further analysis. We found no significant differences in baseline patient and obstetric characteristics (Table 1) .
Initial catheter placements were similar between the groups, with 96% of end-holed and 94% of the threeholed catheters passing successfully on the first attempt (P¼0.28; 95% CI of the difference¼6% to -2%). All catheters that could not initially be threaded through the Tuohy were successfully threaded on a successive attempt. One three-holed catheter was identified as an intrathecal placement due to free-flowing cerebrospinal fluid; this subject was removed from further analysis. Aspiration revealed intravascular placement of one catheter from the end-holed group and in two of the three-holed group; a test dose was not performed in any of these cases. The test dose was found to be positive (aspiration negative) in one catheter from each group. Thus, the incidence of intravascular placement was 1% of both groups (Table 2) .
Satisfactory (complete) initial analgesia at 30 min was similar between the groups, occurring in 85% of the endholed and 80% of the three-holed groups (P¼0.23; 95% CI of the difference¼13% to -3%). The categorical description of failed analgesia was similar between the groups (Table 3) . Out of the 86 subjects who did not have complete analgesia at 30 min, only 17 subjects could not be rescued with a supplemental bolus of bupivacaine, and their catheters were replaced. Successful rescue was most common among patients with breakthrough pain in a covered sensory dermatome (100% n¼13), or if the block was unilateral or asymmetric (83% n¼52/63); however, only 40% (4/10) of subjects with no initial sensory block could be rescued. The number of supplemental boluses required throughout labour and the incidence of catheter replacement after documentation of successful analgesia were similar between the groups (Table 3) . At the 24 h follow-up evaluation, overall satisfaction with labour analgesia was equal between the groups. Dissatisfaction correlated with the need for replacement of the epidural catheter at any time during labour. For both groups, there was a 70% satisfaction rate if the catheter required replacement vs 98% satisfaction if not replaced (P,0.001).
Caesarean section rate was similar in each group. The use of the epidural catheter for Caesarean anaesthesia was not governed by the study design; the anaesthesia team was able to use, or replace, the catheters as needed. Eight catheters did not provide complete anaesthesia for Caesarean section. Two subjects received general anaesthesia due to the urgency of the case, both in the threeholed group. Three catheters in the three-holed group were replaced in the operating theatre after failing to achieve an adequate surgical block, and two were successfully supplemented with i.v. medications. The single failure in the end-holed group was successfully supplemented using i.v. medications. There was no statistically significant difference between the incidences of failure (10% vs 2%; P¼0.20).
Five end-holed catheters were difficult to remove from the epidural space after delivery, and required some external manipulation to extricate them. None of the five retained catheters broke upon removal.
Discussion
In this study, we compared labour analgesia administered via a flexible epidural catheter manufactured with either one or three holes, and found no statistically significant differences in complete pain relief at 30 min. Furthermore, throughout the course of labour both the number of episodes of breakthrough pain requiring supplemental epidural medication and the number of catheters requiring replacement were similar between the groups. On the basis of these findings, it appears that flexible epidural catheters provide similar analgesia regardless of the number of holes in the catheter.
One possible reason for this finding is that the increased flexibility of the epidural catheter eliminates the advantages produced by having multiple ports. It is possible that the flexible epidural catheter may improve the spread of epidural medications by facilitating coiling or allowing the catheter tip to remain in the epidural space. On the other hand, a stiff epidural catheter may be more likely to pass through the foramen and into the paravertebral space. 9 If the flexible epidural catheter is more likely to remain within the confines of the epidural space, then the number of ports in the catheter may play a lesser role than with the stiff epidural catheters. Alternatively, the lack of differences between outcomes in our study might be due to the flow characteristic through the catheter during local anaesthetic infusion. In vitro studies have shown that at normal epidural infusion rates, the majority of flow occurs at the most proximal port, but flow through all three holes occurs consistently at high infusion rates or with a bolus technique. 10 11 Differential flow could eliminate the benefit of the multiholed design. In fact, one study by Magides 12 found that single-orifice catheters resulted in a more even distribution of dye when compared with the three-holed catheters. We believe that our finding suggests that both flexible epidural catheter designs provide similar results, and that other characteristics such as the dose and volume of infusate or delivery technique (e.g. intermittent bolus or patientcontrolled epidural analgesia) may be more significant determinants of the success of labour analgesia.
Two differences between our study and most previous investigations may also provide insight. First, our study used a relatively large volume for both initial bolus and infusion. Possibly due to segmentation of the epidural space and tethering of the posterior epidural fat pad between the ligamenta flava and the dura, small volumes tend to loculate and result in uneven distribution. 13 14 It is likely that the engorgement of the epidural venous plexus that occurs in pregnancy further restricts spread of epidural medications. On the other hand, a volume of at least 13 ml improves spread of solution in the epidural space and results in bilateral distribution. 9 It is possible that there could be a difference between catheters, if small volumes had been used. A second difference with previous studies was our use of fentanyl in the epidural solution. Fentanyl significantly reduces the concentration of bupivacaine required for epidural labour analgesia, allowing very low concentrations to be effective. We would argue, however, that if the addition of fentanyl alone eliminates the differences between catheter designs, then this issue is no longer clinically relevant in current obstetric anaesthesia practice.
This brings the discussion to the issue of baseline catheter failure rate. How does one discern failure of adequate analgesia as a factor of catheter insufficiency from choice and dose of initial local anaesthetic? One could argue that the use of a low-dose regimen influences the adequacy of analgesia unrelated to the catheter itself. In our study, since both groups have identical solutions, this factor is eliminated as a comparison factor. A comparison of initial inadequate labour analgesia in our study with that in a study by D'Angelo and colleagues 15 suggests that higher concentrations and doses [lidocaine 2% (10 ml)] do not improve initial analgesia. Perhaps once a threshold amount (volume) of local anaesthetic is administered, higher concentrations are less important.
We found a number of complications with both flexible epidural catheters. The most common was the failure to provide complete analgesia. The majority of subjects who were not completely pain free at 30 min could be rescued with a supplemental bolus of medication, and this was most likely if they had some documented sensory block. Less than half of the subjects without a sensory block at 30 min could be rescued. The most common complication of insertion consisted of a paresthesia during advancement, with an incidence that was similar to that reported by previous authors using the flexible end-holed catheter, and below that reported when using stiff epidural catheters. 7 8 We identified only one intrathecal catheterization of a three-holed catheter, and none of the end-holed catheters. Jaime and colleagues 8 found that 0.4% of their flexible end-holed catheters were inadvertently passed through the dura mater. Interestingly, Angle and colleagues 16 were unable to pass the flexible end-holed catheter through a dural puncture in an in vivo study. Neither the incidence of i.v., nor intrathecal catheters, nor the combination of the two was significantly different between the groups.
We can identify a few trends in our study that, although not statistically significant, are intriguing and might have some clinical significance. First, five of the end-holed catheters could not easily be pulled from the epidural space after delivery, and required additional manipulation such as flexion or extension manoeuvres. Other reports described similar instances in which this specific catheter either could not be removed, despite patient manipulation, or uncoiled in the patient's back after attempts to remove the catheter with normal resistance were unsuccessful. 17 -20 This concern is addressed within the product insert by the manufacturer (Arrow International w ). The second trend is that, with a few exceptions, the incidence of most complications was higher in the three-holed group than that in the end-holed group. Finally, we did note that a larger number of three-holed catheters were unsatisfactory for Caesarean delivery, although this did not achieve statistical significance. Further investigation is required to determine if these trends are clinically significant or not.
We acknowledge some limitations in our study. Although we tried to blind both patients and observers, we were unable to successfully hide the catheters in many cases and the catheters were too easily identified. Thus, in the end, our study was single-blinded. We doubt that this had a significant effect on the final results. Secondly, although both catheters are flexible compared with catheters that do not have an impregnated wire, we do acknowledge a difference between catheters. The threeholed catheter used in this study is slightly but perceptibly stiffer than the end-holed catheter. This could potentially be an explanation for the small differences in the study. Finally, our a priori power analysis used to calculate the sample size for our study was chosen from historical sources and a small pilot sample; 3 however, the incidence of failed complete analgesia was slightly less than was expected. Because of this, our study was underpowered to detect small differences between the groups, and we cannot say with confidence that a small difference does not exist between catheters. A study designed to confirm these differences, with 80% power and an alpha of 0.05, would require from 1000 subjects per group (complete analgesia), 2400 per group ( paresthesia), to 3100 per group ( positive intravascular and intrathecal placement). Although the differences we found are not statistically significant, the reader must decide if these small differences would be clinically important.
In conclusion, we compared two flexible epidural catheters that differed by the number of holes at the tip. The end-holed and the three-holed catheters had similar success for both catheter placement and labour analgesia, and similar complication rates. We do not believe that there is a clinically significant difference between catheters.
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